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dioxide. The composite sheet is suitable for laminating to metal 
sheet (6) for can production. 




FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international 
applications under the PCT. 



AM 


Armenia 


AT 


Austria 


AU 


Australia 


BB 


Barbados 


BE 


Belgium 


BF 


Burkina Faso 


BG 


Bulgaria 


BJ 


Benin 


BR 


Brazil 


BY 


Belarus 


CA 


Canada 


CF 


Central African Republic 


CG 


Congo 


CH 


Switzerland 


CI 


C6te d* I voire 


CM 


Cameroon 


CN 


China 


CS 


Czechoslovakia 


CZ 


Czech Republic 


DE 


Germany 


DK 


Denmark 


EE 


Estonia 


ES 


Spain 


Fl 


Finland 


FR 


France 


GA 


Gabon 



GB 


United Kingdom 


GE 


Georgia 


GN 


Guinea 


GR 


Greece 


HU 


Hungary 


IE 


Ireland 


IT 


Italy 


JP 


Japan 


KE 


Kenya 


KG 


Kyrgystan 


KP 


Democratic People's Republic 




of Korea 


KR 


Republic of Korea 


KZ 


Kazakhstan 


LI 


Liechtenstein 


LK 


Sri Lanka 


LR 


Liberia 


LT 


Lithuania 


LU 


Luxembourg 


LV 


Latvia 


MC 


Monaco 


MD 


Republic of Moldova 


MG 


Madagascar 


ML 


Mali 


MN 


Mongolia 


MR 


Mauritania 



MW 


Malawi 


MX 


Mexico 


NE 


Niger 


NL 


Netherlands 


NO 


Norway 


NZ 


New Zealand 


PL 


Poland 


FT 


Portugal 


RO 


Romania 


RU 


Russian Federation 


SD 


Sudan 


SE 


Sweden 


SG 


Singapore 


SI 


Slovenia 


SK 


Slovakia 


SN 


Senegal 


sz 


Swaziland 


TD 


Chad 


TG 


Togo 


TJ 


Tajikistan 


TT 


Trinidad and Tobago 


UA 


Ukraine 


UG 


Uganda 


US 


United States of America 


UZ 


Uzbekistan 


VN 


Viet Nam 



WO 97/1 1 847 PCT/GB96/02369 

1 

POLYESTER COMPOSITE SHEET. 

This invention relates to a composite sheet and, in particular, to a composite 
sheet for laminating to metal sheet. 

Metal sheet laminated with polymeric film is known, and used, inter alia, for 
5 forming cans such as drawn and wall-ironed cans (known as DWI cans) and drawn and 

redrawn cans (known as DRD cans). Metal sheet for can making, such as aluminium 
or tinplate, is laminated with polymeric materials containing white pigments when a can 
exhibiting a white appearance is required. DWI cans are formed by cutting out a disc 
of metal sheet laminated with polymeric material, and forcing a punch into the metal 

10 sheet in a die to form a cup. Unfortunately the use of prior art white pigmented 

polymeric materials may result in excessive wear of the punch and/or die, and/or 
scoring of the resultant can surface. 

We have now devised a composite sheet suitable for laminating to metal sheet 
which reduces or substantially overcomes at least one of the aforementioned problems. 

15 Accordingly, the present invention provides a composite sheet comprising an 

opaque polyester core layer, a transparent polyester outer layer on a first surface of the 
core layer, and a heat-sealable layer on a second surface of the core layer. 

The invention also provides a method of producing a composite sheet which 
comprises forming an opaque polyester core layer, providing a transparent polyester 

20 outer layer on a first surface of the core layer, and providing a heat-sealable layer on a 

second surface of the core layer. 

The invention further provides a laminated metal sheet comprising, in order, (i) a 
metal sheet, (ii) a heat-sealable layer, (iii) an opaque polyester core layer, and (iv) a 
transparent polyester outer layer. 

25 The opaque core layer and/or transparent outer layer of a composite sheet 

according to the invention may be formed from any synthetic, film-forming, polyester 
material. A synthetic linear polyester is preferred, especially one which may be 
obtained by condensing one or more dicarboxylic acids or their lower alkyl (up to 6 
carbon atoms) diesters, eg terephthalic acid, isophthalic acid, phthalic acid, 2,5-, 2,6- or 

30 2,7-naphthalenedicarboxylic acid, succinic acid, sebacic acid, adipic acid, azelaic acid, 
4,4-diphenyldicarboxylic acid, hexahydro-terephthalic acid or 
1,2-bis-p-carboxyphenoxyethane (optionally with a monocarboxylic acid, such as 
pivalic acid) with one or more glycols, particularly an aliphatic glycol, eg ethylene 
glycol, 1 t 3-propanediol, 1 ,4-butanediol, neopentyl glycol and 

35 1 ,4-cyclohexanedimethanol. A polyethylene terephthaiate or polyethylene naphthalate 
film is preferred. A polyethylene terephthaiate film is particularly preferred, for the 
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opaque core layer and/or transparent outer layer, especially such a film which has been 
biaxially oriented by sequential stretching in two mutually perpendicular directions, 
typically at a temperature in the range from 70 to 125°C, and preferably heat set, 
typically at a temperature in the range from 150 to 250«C. for example as described in 
British patent 838,708. 

In one preferred embodiment of the invention the opaque core layer and the 
transparent outer layer of the composite sheet comprise the same polyester material, 
preferably polyethylene terephthalate or polyethylene naphthalate, and especially 
polyethylene terephthalate. It is also preferred that the opaque core layer and/or 
transparent outer layer comprise crystalline and/or semi-crystalline polyester. 

In another preferred embodiment of the invention the opaque core layer 
comprises polyethylene terephthalate or polyethylene naphthalate, especially 
polyethylene terephthalate and the transparent outer layer comprises polybutylene 
terephthalate. 

The melting point of the polyester material of the opaque core layer and/or 
transparent outer layer is preferably in the range from 240 to 265°C, more preferably 
246 to 260°C. and particularly 253 to 258*C. 

The opaque core layer and/or transparent outer layer of a composite sheet 
according to the invention may be uniaxially oriented, but are preferably biaxially 
oriented by drawing in two mutually perpendicular directions in the plane of the film to 
achieve a satisfactory combination of mechanical and physical properties. Formation 
of the film may be effected by any process known in the art for producing an oriented 
polyester film, for example a tubular or flat film process. 

In a tubular process simultaneous biaxial orientation may be effected by 
extruding a thermoplastics polyester tube which is subsequently quenched, reheated 
and then expanded by internal gas pressure to induce transverse orientation, and 
withdrawn at a rate which will induce longitudinal orientation. 

In the preferred flat film process a film-forming polyester is extruded through a 
slot die and rapidly quenched upon a chilled casting drum to ensure that the polyester 
is quenched to the amorphous state. Orientation is then effected by stretching the 
quenched extrudate in at least one direction at a temperature above the glass transition 
temperature of the polyester. Sequential orientation may be effected by stretching a 
flat, quenched extrudate firstly in one direction, usually the longitudinal direction, ie the 
forward direction through the film stretching machine, and then in the transverse 
direction. Forward stretching of the extrudate is conveniently effected over a set of 
rotating rolls or between two pairs of nip rolls, transverse stretching then being effected 
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in a stenter apparatus. Stretching is effected to an extent determined by the nature of 
the film-forming polyester, for example polyethylene terephthalate is usually stretched 
so that the dimension of the oriented film is from 2.5 to 4.5 times its original dimension 
in the, or each direction of stretching. 
5 A stretched film may be, and preferably is, dimensionally stabilised by 

heat-setting under dimensional restraint at a temperature above the glass transition 
temperature of the film-forming polyester but below the melting temperature thereof, to 
induce crystallisation of the polyester. 

The heat-sealable layer should be capable of forming a heat-seal bond to a 

10 metal sheet, by heating to soften the polymeric material of the heat-sealable layer and 

applying pressure without softening or melting the polyester material of the opaque 
core and/or transparent outer layer. The heat-sealable layer preferably exhibits a 
heat-seal strength, measured by sealing the layer to itself, in the range from 200 to 
3000, more preferably 300 to 1500, and particularly 350 to 500 Nm \ The heat-seal 

1 5 strength can be measured by positioning together and heating two heat-sealable layers 
present on separate composite sheets, at 140°C for one second under a pressure of 
275 kPa (40 psi), and measuring the force required under linear tension per unit width 
of seal to peel the layers of the film apart at a constant speed of 4.23 mm/second. 
The heat-sealable layer suitably comprises a polyester resin, particularly a 

20 copolyester resin derived from one or more dibasic aromatic carboxylic acids, such as 

terephthalic acid, isophthalic acid and hexahydroterephthalic acid, and one or more 
glycols, such as ethylene glycol, diethylene glycol, triethylene glycol and neopentyl 
glycol. Typical copolyesters which provide satisfactory heat-sealable properties are 
those of ethylene terephthalate and ethylene isophthalate, especially in the molar ratios 

25 of from 50 to 90 mole % ethylene terephthalate and correspondingly from 50 to 10 

mole % ethylene isophthalate. Preferred copolyesters comprise from 65 to 85 mole % 
ethylene terephthalate and from 35 to 15 mole % ethylene isophthalate, and especially 
a copolyester of about 82 mole % ethylene terephthalate and about 18 mole % 
ethylene isophthalate. 

30 The melting point of the polymeric material of the heat-sealable layer is 

preferably in the range from 150 to 250°C, more preferably 180 to 230°C, particularly 
200 to 220°C, and especially 210 to 215°C. In a preferred embodiment of the 
invention, the melting point of the polymeric material of the heat-sealable layer is 
preferably in the range from 20 to 60°C, more preferably 30 to 55°C, particularly 40 to 

35 50°C, and especially 44 to 47°C less than the melting point of the polyester material of 
the opaque core layer and/or transparent outer layer. 
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Formation of a composite sheet according to the invention may be effected by 
conventional techniques, for example by laminating together a preformed opaque core 
layer, a preformed transparent outer layer and a preformed heat-sealable layer, or by 
casting the transparent outer layer and/or heat-sealable layer onto a preformed opaque 
core layer. Conveniently, however, formation of a composite sheet is effected by 
coextrusion, preferably of all three layers (outer/core/heat-sealable), either by 
simultaneous coextrusion of the respective film-forming layers through independent 
orifices of a multi-orifice die. and thereafter uniting the still molten layers, or, 
preferably, by single-channel coextrusion in which molten streams of the respective 
polymers are first united within a channel leading to a die manifold, and thereafter 
extruded together from the die orifice under conditions of streamline flow without 
intermixing thereby to produce a composite sheet. 

The coextruded composite sheet is stretched to effect molecular orientation of 
the opaque core layer and/or transparent outer layer, and preferably heat-set. 
Generally, the conditions applied for stretching the composite sheet will induce partial 
crystallisation of the heat-sealable layer polymer and it is therefore preferred to heat set 
under dimensional restraint at a temperature selected to develop the desired 
morphology of the heat-sealable layer. Thus, by effecting heat-setting at a temperature 
below the crystalline melting temperature of the heat-sealable polymer and permitting 
or causing the composite sheet to cool, the heat-sealable polymer will remain 
essentially crystalline. However, by heat-setting at a temperature greater than the 
crystalline melting temperature of the heat-sealing polymer, the latter will be rendered 
essentially amorphous. Heat-setting of a composite sheet comprising a polyester core 
layer and/or a polyester outer layer and a copoiyester heat-sealable layer is 
conveniently effected at a temperature in the range from 175 to 200°C to yield a 
substantially crystalline heat-sealable layer, or 200 to 250°C to yield an essentially 
amorphous heat-sealable layer. An essentially amorphous heat-sealable layer is 
preferred. 

The polyester core layer is opaque, by which is meant substantially impermeable 
to visible light. The core layer preferably exhibits a Transmission Optical Density 
(TOD) (Sakura Densitometer; type PDA 65; transmission mode) in the range from 0.2 
to 1.5, more preferably 0.25 to 1.25, particularly 0.35 to 0.75, and especially 0.45 to 
0.65. The core layer is conveniently rendered opaque by incorporation into the 
synthetic polyester of an effective amount of an opacifying agent. Suitable opacifying 
agents include an incompatible resin filler, a particulate inorganic filler or a mixture of 
two or more such fillers. 
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By an "incompatible resin" is meant a resin which either does not melt or which 
is substantially immiscible with the polyester, at the highest temperature encountered 
during extrusion and fabrication of the layer. The presence of an incompatible resin 
usually results in a voided core layer, by which is meant that the core layer comprises a 
5 cellular structure containing at least a proportion of discrete, closed cells. Suitable 
incompatible resins include polyamides and olefin polymers, particularly a homo- or 
co-polymer of a mono-alpha-olefin containing up to 6 carbon atoms in its molecule, for 
incorporation into polyester core layers. For incorporation into a polyethylene 
terephthalate core layer, suitable materials include a low or high density olefin 

10 homopolymer, particularly polyethylene, polypropylene or poiy-4-methylpentene-1 , an 

olefin copolymer, particularly an ethylene-propylene copolymer, or a mixture of two or 
more thereof. Random, block or graft copolymers may be employed. 

The amount of incompatible resin filler present in the core layer is preferably in 
the range from 2% to 30%, more preferably 3% to 20%, particularly 4% to 15%, and 

15 especially 5% to 10% by weight, based on the weight of the core layer polyester. 

Particulate inorganic fillers suitable for generating an opaque core layer include 
conventional inorganic pigments and fillers, and particularly metal or metalloid oxides, 
such as alumina, silica and titania, and alkaline metal salts, such as the carbonates and 
sulphates of calcium and barium. The particulate inorganic fillers may be of the 

20 voiding or non-voiding type. Suitable particulate inorganic fillers may be homogeneous 

and consist essentially of a single filler material or compound, such as titanium dioxide 
or barium sulphate alone. Alternatively, at least a proportion of the filler may be 
heterogeneous, the primary filler material being associated with an additional modifying 
component. For example, the primary filler particle may be treated with a surface 

25 modifier, such as a pigment, soap, surfactant coupling agent or other modifier to 

promote or alter the degree to which the filler is compatible with the core layer 
polyester. 

In a particularly preferred embodiment of the invention, the particulate inorganic 
filler comprises titanium dioxide. 

30 Production of a core layer having satisfactory degrees of opacity and preferably 

whiteness requires that the inorganic filler, particularly of titanium dioxide, should be 
finely-divided, and the volume distributed median particle diameter (equivalent 
spherical diameter corresponding to 50% of the volume of all the particles, read on the 
cumulative distribution curve relating volume % to the diameter of the particles - often 

35 referred to as the "D(v,0.5)" value) thereof is preferably in the range from 0.2 to 5 pm, 

more preferably 0.4 to 1 .5 pm, and particularly 0.8 to 1 .2 pm. 
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The size distribution of the inorganic filler, particularly titanium dioxide, particles 
is also an important parameter, for example the presence of excessively large particles 
can result in the film exhibiting unsightly 'speckle', ie where the presence of individual 
filler particles in the film can be discerned with the naked eye. It is preferred that none 

5 of the inorganic filler particles incorporated into the opaque core layer should have an 
actual particle size exceeding 30 pm. Particles exceeding such a size may be 
removed by sieving processes which are known in the art. However, sieving operations 
are not always totally successful in eliminating all particles greater than a chosen size. 
In practice, therefore, the size of 99.9% by number of the inorganic filler particles 

0 should not exceed 30 pm, preferably should not exceed 20 pm, and more preferably 
should not exceed 15 pm. Preferably at least 90%, more preferably at least 95% by 
volume of the inorganic filler particles are within the range of the volume distributed 
median particle diameter ± 0.8 pm, and particularly ± 0.5 pm. 

Particle size of the filler particles may be measured by electron microscope, 

5 coulter counter, sedimentation analysis and static or dynamic light scattering. 

Techniques based on laser light diffraction are preferred. The median particle size may 
be determined by plotting a cumulative distribution curve representing the percentage 
of particle volume below chosen particle sizes and measuring the 50th percentile. 

The amount of inorganic filler, particularly of titanium dioxide, incorporated into 

0 the opaque core layer polyester desirably should be not less than 1% nor exceed 30% 
by weight, based on the weight of the polyester. Particularly satisfactory levels of 
opacity are achieved when the concentration of filler is in the range from 5% to 20%, 
particularly 10% to 15%, and especially 12% to 13% by weight, based on the weight of 
the core layer polyester. 

5 The preferred titanium dioxide particles may be of anatase or rutile crystal form. 

The titanium dioxide particles preferably comprise a major portion of rutile, more 
preferably at least 60% by weight, particularly at least 80% by weight, and especially 
approximately 100% by weight of rutile. The particles can be prepared by standard 
procedures, such as using the chloride process or sulphate process. 

3 In one embodiment of the invention the titanium dioxide particles are coated 

preferably with inorganic oxides such as aluminium, silicon, zinc, magnesium or 
mixtures thereof. It is preferred that the coating additionally comprises an organic 
compound, such as alkanols and fatty acids, preferably having in the range from 8 to 
30, more preferably 12 to 24 carbon atoms. Polydiorganosiloxanes or 

5 polyorganohydrogensiloxanes, such as polydimethylsiloxane or 
polymethylhydrogensiloxane are particularly preferred. 
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The coating is applied to the titanium dioxide particles in aqueous suspension. 
The inorganic oxides are precipitated in aqueous suspension from water-soluble 
compounds such as sodium aiuminate, aluminium sulphate, aluminium hydroxide, 
aluminium nitrate, silicic acid or sodium silicate. 
5 The coating layer on the titanium dioxide particles is preferably 1% to 12%, more 

preferably 2% to 6% of inorganic oxides and 0.5% to 3%, and particularly 0.7% to 1.5% 
of organic compound, by weight based upon the weight of titanium dioxide. 

If both an incompatible resin filler, preferably a polyolefin, and a particulate 
inorganic filler, preferably titanium dioxide, are present in the opaque core layer it is 
10 preferred that the concentration of the particulate inorganic filler is in the range from 

1% to 30%, more preferably 1% to 15%, particularly 2% to 8%, and especially 3% to 
7% by weight, based on the weight of the core layer polyester. 

The components of the core layer compositions may be mixed together in 
conventional manner. For example, by mixing with the monomeric reactants from 
1 5 which the polyester is derived, or the components may be mixed with the polyester by 
tumble or dry blending or by compounding in an extruder, followed by cooling and, 
usually, comminution into granules or chips. Masterbatch technology may be 
employed. 

The opaque core layer of a composite sheet according to the invention 

20 preferably has a Deformation Index (Dl) of greater than or equal to 2.5%, and more 

preferably exhibits a Dl of not greater than 50%. The core layer preferably exhibits a 
Dl in the range from 3.5% to 20%, more preferably 4.0% to 10%, and particularly 4.5% 
to 7%. The Dl is the deformation, expressed as a percentage of the original thickness 
of the layer, observed when a film of the layer is subjected, at a temperature of 200°C, 

25 to a pressure of 2 megaPascals applied normal to the plane of the sheet by the herein 

described test procedure. 

The polyester outer layer is transparent by which is meant substantially 
permeable to visible light. The outer layer preferably exhibits a Transmission Optical 
Density (TOD) (Sakura Densitometer; type PDA 65; transmission mode) in the range 

30 from 0.005 to 0.2, more preferably 0.02 to 0.1 5, and particularly 0.03 to 0.1 . The 
transparent outer layer is preferably essentially unfilled, although relatively small 
amounts of filler may be present to improve handleability of the film. The transparent 
layer preferably comprises less than 2%, more preferably less than 0.5%, and 
particularly less than 0.25% by weight of filler material, based on the weight of the 

35 transparent layer polyester. Any filler present in the transparent layer is preferably of 
the non-voiding type. An inorganic filler is preferred, more preferably china clay, for 
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use in the transparent layer, such as a polyethylene terephthalate or polybutylene 
terephthalate film. The filler, suitably china clay, preferably has an average particle 
size in the range from 0.1 to 10 pm, more preferably 0.5 to 1.5 pm. 

The transparent outer layer of a composite sheet according to the invention 
preferably exhibits a Deformation Index (Dl) less than that of the core layer. The Dl of 
the transparent layer is preferably less than or equal to 4.0% t more preferably less than 
or equal to 3.5%, and particularly less than or equal to 2.5%. 

Other additives, generally in relatively small quantities, may optionally be 
incorporated into the opaque core, transparent outer and/or heat-sealable layer(s). For 
example, optical brighteners in amounts up to 1500 parts per million to promote 
whiteness, and dyestuffs in amounts of up to 10 parts per million to modify colour, the 
specified concentrations being by weight, based on the weight of the layer polymer(s). 

The thickness of the composite sheet according to the invention is preferably in 
the range from 5 to 400 pm, more preferably 8 to 100 pm, and particularly 15 to 30 pm. 
In general, the thickness of the opaque core layer will not exceed 300 pm, and will 
preferably be in the range from 5 to 80 pm, and more preferably 10 to 25 pm. The 
thickness of the transparent outer layer is preferably in the range from 0.5 to 100 pm, 
more preferably 1 to 50 pm, particularly 1 to 15 pm, and especially 1 to 5 pm. The 
thickness of the heat-sealable layer is preferably in the range from 1 to 100 pm, more 
preferably 2 to 50 pm, particularly 2 to 15 pm, and especially 3 to 8 pm. 

In a preferred embodiment of the invention the thickness of the opaque core 
layer is greater than 70%, more preferably greater than 80%, particularly greater than 
90%, and especially greater than 95% of the combined thickness of the opaque core 
layer and transparent outer layer. 

The metal sheet to which the composite film according to the invention can be 
laminated to, is suitably aluminium or steel, or alloys thereof. An aluminium sheet is 
preferably of 0.02 to 0.4 mm thickness, and a steel sheet is preferably of 0.05 to 0.4 
mm thickness. The steel may be nickel, zinc or tin plate, black plate, phosphated black 
plate or electrically chromium coated with both chromium metal and chromium oxide. 
A suitable method of forming a laminated metal sheet and drawn and wall-ironed (DWI) 
cans is described in EP-A-0312304, the teaching of which is incorporated herein by 
reference. In a preferred process, the metal sheet is preheated to a temperature in the 
range from 140 to 350°C, the composite sheet is positioned on at least one side of the 
metal sheet (heat-sealable layer in contact with the metal sheet), and the assembly is 
passed through nip rolls. The resultant laminate is reheated to a temperature in the 
range from 260 to 300°C and rapidly quenched in a water bath. 
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The invention is illustrated by reference to the accompanying drawings in which: 

Figure 1 is a schematic sectional elevation, not to scale, of a composite sheet 
having an opaque core layer, a transparent outer layer and a heat-sealable layer. 

Figure 2 is a similar schematic elevation of a composite sheet with a metal sheet 
on the remote surface of the heat-sealable layer. 

Referring to Figure 1 of the drawings, the composite sheet comprises an opaque 
core layer (1), having a transparent outer layer (2) bonded to the first surface (3) of the 
core layer (1), and a heat-sealable layer (4) bonded to the second surface (5) of the 
core layer (1). 

The film of Figure 2 further comprises a metal sheet (6) bonded to the remote 
surface (7) of the heat-sealable layer (4). 

The invention is further illustrated by reference to the following examples. 
The following test procedure was used. 
Deformation Index 

The deformation index was measured using a thermomechanical analyser, 
Perkin Elmer, type TMA7, with a test probe having a surface area of 0.785 mm 2 . 

A sample of the polyester film was introduced in a sample holder into the TMA7 
furnace and allowed to equilibrate at the selected temperature of 200°C. The probe 
was loaded to apply a pressure of 0.125 megaPascals normal to the planar surface of 
the hot film sample and the deformation was observed to be zero. The load on the 
probe was then increased whereby a pressure of 2 megaPascals is applied to the 
sample. The observed displacement of the probe under the increased load was 
recorded and expressed as a percentage of the thickness of the undeformed hot 
sample (under 0.125 megaPascals pressure). The aforementioned percentage is the 
Deformation Index (Dl) of the tested film material. The procedure was repeated four 
times with different samples of the same film, and a mean value of the five 
measurements calculated. 

Example 1 

Separate streams of a core layer polymer of polyethylene terephthalate 
comprising 12.5% by weight of the polymer of titanium dioxide of average particle size 
1 pm, an outer layer polymer of polyethylene terephthalate comprising 0.15% by weight 
of the polymer of china clay of average particle size 0.8 pm, and a heat-sealable 
polymer comprising a copolyester of 82 mole % ethylene terephthalate and 18 mole % 
ethylene isophthafate were supplied from separate extruders to a single channel 
coextrusion assembly. The polymer layers were extruded through a film-forming die 
onto a water cooled rotating, quenching drum to yield an amorphous cast composite 
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extrudate. The cast extrudate was heated to a temperature of about 80°C and then 
stretched longitudinally at a forward draw ratio of 3.2:1 . The composite sheet was 
passed into a stenter oven, where the sheet was dried and stretched in the sideways 
direction to approximately 3.4 times its original dimensions. The biaxially stretched 
5 composite sheet was heat set at a temperature of about 225°C. Final film thickness of 
the composite sheet was 25 pm. The opaque core layer was 21 pm thick, the 
transparent outer layer was 1 pm thick and the heat-sealable layer was 3 pm thick. 

The composite sheet exhibited a Transmission Optical Density (TOD) of 0.53 
and a Deformation Index (Dl) of 5.1%. 

10 A metal sheet was laminated to the composite sheet by preheating a metal sheet 

to a temperature in the range from 200 to 230°C, positioning the composite sheet on 
one side of the metal sheet (heat-sealable layer in contact with the metal sheet), and 
passing the composite sheet/metal sheet assembly through nip rolls. The resultant 
laminate was reheated to a temperature in the range from 260 to 300*C and rapidly 

15 quenched in a water bath. DWI cans were formed from the laminate. No significant 

wear of the punch and die used in the can making process was observed. In addition, 
no scoring of the resultant can surface was observed. 
Example 2 

This is a comparative example not according to the invention. The procedure of 
20 Example 1 was repeated except that the transparent outer layer was omitted from the 

composite sheet structure. Final film thickness of the composite sheet was 25 pm. 
The core layer was 21 pm thick and the heat-sealable layer was 4 pm thick. 

The composite sheet was laminated to a metal sheet, and the resulting laminate 
was used to form DWI cans. Wear of the punch and die used in the can making 
25 process, and sconng of the resultant can surface was observed. 
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Claims 

1 . A composite sheet comprising an opaque polyester core layer, a transparent 
polyester outer layer on a first surface of the core layer, and a heat-sealable layer on a 
second surface of the core layer. 
5 2. A composite sheet according to claim 1 wherein the thickness of the composite 
sheet is in the range from 8 to 100 pm. 

3. A composite sheet according to either one of claims 1 and 2 wherein the 
thickness of the opaque core layer is greater than 70% of the combined thickness of 
the opaque core layer and transparent outer layer. 
10 4. A composite sheet according to any one of the preceding claims wherein the 
thickness of the transparent outer layer is in the range from 1 to 15 pm. 

5. A composite sheet according to any one of the preceding claims wherein the 
core layer has a Transmission Optical Density in the range from 0.2 to 1.5. 

6. A composite sheet according to any one of the preceding claims wherein the 
15 core layer has a deformation index of greater than or equal to 2.5%, measured at a 

temperature of 200°C and under a pressure of 2 megaPascals. 

7. A composite sheet according to any one of the preceding claims wherein the 
core layer comprises an incompatible resin filler and/or a particulate inorganic filler. 

8. A composite sheet according to claim 7 wherein the particulate inorganic filler 
20 comprises titanium dioxide. 

9. A method of producing a composite sheet which comprises forming an opaque 
polyester core layer, providing a transparent polyester outer layer on a first surface of 
the core layer, and providing a heat-sealable layer on a second surface of the core 
layer. 

25 10. A laminated metal sheet comprising, in order, (i) a metal sheet, (ii) a 

heat-sealable layer, (iii) an opaque polyester core layer, and (iv) a transparent polyester 
outer layer. 
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